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Method of Analysis 

Field of Invention 

The present invention relates to methods for improving polynucleotide 
ligation reactions. 
5 Background to Invention 

Berg and Boyer created the first recombinant DNA molecule in 1972. This 
simple concept of recombination - the splicing together of two pieces of DNA and 
fusing them by ligation, is the basis for the entire field of molecular biology. 
Molecular biology has become ubiquitous to the point where it is central to the 
10 majority of all biological research. The ligation reaction is performed thousands 
of times a day in research and diagnostic laboratories worldwide. Given the 
boundless opportunity presented by genetic engineering, the ligation reaction is 
likely to remain a central technique for many years to come. 

The ligation reaction itself is chemically simple, comprising the linking of 
1 5 two nucleotides by the creation of a phosodiester bond between the 3' hydroxyl 
of one nucleotide and the 5' phosphate of another, by a ligase enzyme. There 
are two types of ligation, known as "sticky end" and "blunt end", depending on 
the presence or lack (respectively) of complementary single stranded regions on 
the two polynucleotides to be joined, in proximity to the ligation location. "Sticky- 

« 

20 end" ligations involve the hybridisation of complementary single stranded 
sequences between the two polynucleotides to be joined, prior to the ligation 
event itself. Sequences that have similar but not 100% complementary single 
stranded sequences will still be ligated, known as a mismatch ligation. These 
result in the ligation of an incorrect sequence and decrease the efficiency and 

25 fidelity of the overall ligation reaction. 

Since ligation is such an important reaction, ligases are available on the 
market that are improved, modified and optimised to give maximum efficiency. 
These enzymes are expensive and it is therefore desirable to use as a small 
amount as is possible without reducing the efficiency of the reaction and whilst 

30 avoiding mismatch ligation. Mismatch ligations are problematic as they are 
deleterious to the fidelity of the ligation process. It is therefore desirable to 
minimise mismatch ligations. 



Current methods of increasing ligation specificity include decreasing the 
amount of ligase and increasing the salt in the reaction mix to slow down the 
reaction. Since match ligations are much faster than mismatch ligations, the 
increased specificity observed using this technique is a result of the slower 
5 reaction speed and whilst this increases the match: mismatch ratio, it results in 
a low yield and does not prevent mismatch ligations. 

Summary of Invention 

The present invention is based on the realisation that specificity in "sticky- 
end" ligations can be increased by including short adapters that reduce the 
10 occurrence of mismatch ligation. 

According to a first aspect of the invention, a method for improving the 
binding between a first double stranded polynucleotide having a single stranded 
portion and a second polynucleotide having a complementary single stranded 
portion, said second polynucleotide being present in a sample comprising a 
15 mixture of different polynucleotides, comprises: 

contacting the sample, under hybridising conditions, with the first 
polynucleotide and one or more third polynucleotide(s), wherein the third 
polynucleotide(s) comprises a single stranded portion that differs from the single 
stranded portion of the first polynucleotide by at least one base substitution. 
20 The present invention improves the yield of match ligations by reducing 

mismatch ligations through the use of blocking polynucleotides which hybridise 
incorrect single stranded overhangs. 

* 

Description nf the Drawings 

The present invention is illustrated by reference to the accompanying 

25 drawing, where: 

Figure 1 is a graphic illustration of match:mismatch ratio as a function of 

time. 

* ♦ 

Detailed Description of the Invention 

The present invention is used to increase specificity of polynucleotide 
30 ligations. The term -polynucleotide" is used herein to refer to biological 
molecules made up of a plurality of nucleotides. Preferred polynucleotides 
include DNA, RNA and synthetic analogues thereof, including PNA. 
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^ The term "hybridising conditions" is used herein to refer to conditions that 

i allow complementary base pairing to occur between two polynucleotides, such 

that two complementary single stranded polynucleotides will hybridise to form a 
duplex Such conditions are well known in the art. An Example of such 
5 conditions is incubation at 42° C in a solution comprising: 50% formamide, 5x 
SSC (150 mM NaCI, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 
7.6), 5x Denhardt's solution, 10% dextran sulfate, and 20 pg/ml denatured, 
sheared salmon sperm DNA, followed by washing the filters in 0.1x SSC at about 
65°C. 

10 In any ligation reaction, two polynucleotide molecules are joined. The 

term "first polynucleotide" is used herein to refer to one of the two intended 
targets of ligation. The term "second polynucleotide" is used herein to refer to 
the other of the two intended targets of ligation. 

A non-limiting example of the terms "first polynucleotide" and "second 
15 polynucleotide" comprises the "first polynucleotide" being a DNA vector into 
which an insert, the "second polynucleotide", is to be ligated to form a 

recombinant construct. 

In any ligation reaction, there may be polynucleotides present which are 
neither "first polynucleotides" or "second polynucleotides". These 
20 polynucleotides interfere with the ligation between the first and second 
polynucleotides, which results in mismatch ligations. As used herein, the term 
"third polynucleotide" is used to describe polynucleotides which are added to the 
ligation reaction mixture to hybridise to any polynucleotide which is not a first or 
second polynucleotide, preventing the unwanted polynucleotides from reacting 
25 with the other components of the reaction mix. The third polynucleotides are not 
totally complementary to the first or second polynucleotides. 

The method increases specificity in polynucleotide ligations through the 
addition of one or more third polynucleotide(s) into a reaction mix. This reaction 
mix comprises a first polynucleotide and a second polynucleotide, which contain 
30 complementary single stranded portions. The second polynucleotide is present 
in a sample comprising a mixture of different polynucleotides, of which only one 
(«the second polynucleotide") is the correct target for binding to the first 




polynucleotide. The third polynucleotide(s) comprises a single stranded portion 
that differs from the single stranded portion of the first polynucleotide by at least 
one base. The number of differences between the first and third polynucleotides 
may depend on the size of the single stranded portions involved. For example, 
5 if the single stranded portion is only 3 bases in length, a single difference may. 
be suitable, but if the single stranded portion is 6 bases in length, multiple 
differences may be preferred. The differences may be substitution(s), deletion(s) 
or addition(s). 

The third polynucleotide may be added to the sample containing the 
1 0 second polynucleotide simultaneously with or sequentially before or after the first 
polynucleotide. The third polynucleotide is preferably added to the sample 
containing the second polynucleotide, along with the first polynucleotide. 

Preferably, the third polynucleotide is present in excess with respect to 
the first and second polynucleotides, to ensure that all other polynucleotides in 
1 5 the sample are hybridised by the third polynucleotide. 

It is intended that the first and second polynucleotides hybridise and are 
ligated together, to the exclusion of other polynucleotides in the sample. The 
third polynucleotide(s) hybridise to the other polynucleotides in the sample which 
would otherwise compete for binding to the first polynucleotides, effectively 
20 preventing them from hybridising to the first polynucleotides and increasing the 
number of correct binding events between the first and second polynucleotides. 
This increases the efficiency and yield of the overall ligation reaction. 

Preferably the mixture of third polynucleotides comprises double stranded 
polynucleotides with a single stranded portion, such that the single stranded 
25 portion hybridises its complementary region on incorrect first and second target 
polymers. 

Preferably, the single stranded portion of each of the first, second and 
third polynucleotides is from 3 to 6 bases in length. Most preferably, the single 

stranded portion is 4 bases in length. 
30 Figure 1 is a graphical representation of the match:mismatch ratio as a 

function of time. This ratio becomes lower as the reaction progresses, since the 
match reaction rapidly reaches plateau and is caught up by the slower mismatch 



reaction. Traditional methods of increasing specificity merely slow the reaction 
(using less ligase or increasing salt concentration) and shift the reaction to the 
left of the graph, where the match: mismatch ratio is favourable but yield is 
decreased. The present invention ensures that the mismatch ligations do not 
increase. The match reaction can proceed to full term without the mismatch 
reaction ever catching up. This gives improved yield and optimised 
match:mismatch ratio. 



CLAIMS 

1 . A method for improving the binding between a first double stranded 
polynucleotide having a single stranded portion and a second polynucleotide 
having a complementary single stranded portion, said second polynucleotide 

5 being present in a sample comprising a mixture of different polynucleotides, 
comprising: 

contacting the sample, under hybridising conditions, with the first 
polynucleotide and one or more third polynucleotide(s), wherein the third 
polynucleotide(s) comprises a single stranded portion that differs from the single 
1 0 stranded portion of the first polynucleotide by at least one base substitution. 

2. A method according to claim 1 , wherein the third polynucleotide is 
a double stranded polynucleotide having said single stranded portion. 

3. A method according to claim 1 or claim 2, wherein the single 
stranded portion on each of the first, second and third polynucleotides is from 3 

15 to 6 bases in length. 

4. a method according to claim 3, wherein the single stranded portion 

is 4 bases in length. 

5. A method according to any previous claim, wherein the single 

stranded portion of the third polynucleotide differs from the single stranded 
20 portion of the first polynucleotide by one base. 



